Abstract: Epithelial-myoepithelial carcinoma (EMC) is a malignant salivary gland neoplasm comprised of a biphasic arrangement of inner luminal ductal cells and outer myoepithelial cells. Adenoid cystic carcinoma (AdCC) is also a biphasic tumor comprised of ductal and myoepithelial cells, but these components tend to be arranged in a more cribriform pattern. The occurrence of "hybrid carcinomas" that show mixed patterns of EMC and AdCC raises questions about the relationship of these morphologically overlapping but clinically distinct tumors. AdCCs frequently harbor MYB-NFIB gene fusions. Mapping of EMCs (including hybrid forms with an AdCC component) for this fusion could help clarify the true nature of EMC as a distinct entity or simply as some variant form of AdCC. Twenty-nine cases of EMC were evaluated including 15 classic low-grade EMCs, 7 intermediate-grade EMCs, 2 EMCs with myoepithelial anaplasia, 1 EMC with high-grade transformation, and 4 hybrid EMCs with an AdCC component. Break apart fluorescence in situ hybridization for MYB was performed, as was MYB immunohistochemistry. For the hybrid carcinomas and those with high-grade transformation, the divergent tumor components were separately analyzed. A MYB translocation was identified in 5 of 28 (18%) tumors including 3 of 4 (75%) hybrid carcinomas and 2 of 7 (29%) intermediate-grade EMCs. For the positive hybrid carcinomas, the fusion was detected in both the EMC and AdCC components. The MYB fusion was not detected in any of the classic EMCs (0/15) or in any of the EMCs with myoepithelial anaplasia (0/2) or high-grade transformation (0/1). The fluorescence in situ hybridization assay was unsuccessful in 1 case. MYB immunostaining was seen in 5 of 5 fusion-positive cases, and also 9 of 23 fusion-negative tumors. Classic low-grade EMCs are genetically distinct from AdCCs in that they do not harbor MYB fusions. The presence of a MYB fusion in EMCs showing hybrid features of AdCC or exhibiting highly infiltrative growth points to a subset of these tumors that may well be true AdCCs masquerading as EMCs.
pithelial-myoepithelial carcinoma (EMC) was first described in 1972 by Donath et al. 1 It is histologically characterized by a tightly coupled biphasic arrangement of inner luminal ductal cells and outer myoepithelial cells that often demonstrate cytoplasmic clearing. 2, 3 Classic EMC is a low-grade neoplasm that exhibits bland cellular features and nodular growth with well-circumscribed borders. Since its initial description, the histologic spectrum of EMC has expanded to include variants demonstrating oncocytic/ apocrine changes, sebaceous differentiation, and myoepithelial cell anaplasia. [4] [5] [6] Moreover, it is recognized that EMC can occasionally show features more in keeping with an intermediate-grade or even a high-grade carcinoma, including increased mitotic activity, nuclear atypia, necrosis, and a more infiltrative border including perineural or lymphovascular invasion. 5, [7] [8] [9] Like EMC, adenoid cystic carcinoma (AdCC) is a biphasic carcinoma that is comprised of luminal ductal cells and abluminal myoepithelial cells. AdCC is set apart from EMC by its cribriform architecture and highly infiltrative growth, but difficulty in distinguishing these carcinomas can arise, as in those AdCCs with a predominant tubular pattern or those intermediate-grade EMCs with highly infiltrative growth. In some tumors, both components are so well-developed that they are often classified as "hybrid carcinomas." [10] [11] [12] [13] These composite tumors may represent a single entity (ie, EMC or AdCC) showing divergent differentiation rather than a collision of 2 distinct tumor types.
Recent studies have shown that an increasingly large group of salivary gland tumors are characterized by specific gene fusions. Indeed, up to 40% to 65% of AdCCs harbor the MYB-NFIB fusion, an alteration that so far appears to be specific for that tumor type. [14] [15] [16] [17] [18] [19] [20] [21] These specific genetic alterations are increasingly used as diagnostic adjuncts to help separate salivary gland neoplasms that may share considerable overlap at the morphologic level. Potentially, MYB fusion status could help clarify the relationship of EMC to AdCC, particularly for those EMCs that show some similar morphologic features. The distinction between EMC and AdCC is more than just academic. EMC is relatively indolent, with 5-year and 10-year disease-specific survivals of 90% to 95% and 80% to 90%, respectively. 5, 22 In contrast, AdCC is infamous for its slow and relentless growth, with a 5-year survival of 75% to 90% but a 15-year survival of as low as 30%. [23] [24] [25] The purpose of this study was to determine whether MYB fusion status could be useful in distinguishing EMC from AdCC, particularly in those EMCs that deviate from the conventional appearance and take on a more aggressive phenotype.
METHODS

Cases
The study was approved by The Johns Hopkins Institutional Review Board (NA0001336). All cases of EMC or cases with hybrid features of EMC and AdCC from 2000 to 2013 with available tissue (unstained slides or tissue block) were retrieved from the surgical pathology archives of The Johns Hopkins Hospital. Demographic information and tumor location were recorded. The cases were reviewed by both study pathologists to confirm the diagnosis, histologic grade, and subtype. The presence and extent of cribriform architecture (ie, a sieve-like appearance with multiple luminae and/ or matrix-filled pseudoluminae within a tumor nest) was noted.
The diagnosis of classic, low-grade EMC was based on the criteria defined by the 2017 World Health Organization classification of head and neck tumors. 2 Specifically, classic EMC was diagnosed for tumors that exhibited a bilayered tumor cell arrangement with eosinophilic ductal cells tightly coupled with polygonal abluminal cells with clear cytoplasm and round nuclei with open chromatin. Classic EMCs demonstrated a nodular, pushing pattern of invasion. EMC was regarded as intermediate-grade if it exhibited the features of classic EMC but with a more infiltrative pattern than typical for EMC including perineural invasion, and an elevated mitotic rate. EMC with high-grade transformation was diagnosed in cases with a component of typical EMC and a component of high-grade adenocarcinoma with necrosis, marked cellular atypia, and a high mitotic rate. The diagnosis of hybrid EMC-AdCC was made in cases with 2 distinct tumor components, one of which met criteria for EMC and the other of which was diagnostic for AdCC. The diagnosis of an AdCC component was also based on the 2017 World Health Organization classification of head and neck tumors. 2 Specifically, AdCC is highly infiltrative and demonstrates at least focal cribriform growth. AdCC has 2 cell populations (ductal and myoepithelial), with small, hyperchromatic, angulated nuclei in the myoepithelial cells. A focal cribriform pattern, by itself, in the absence of other histologic features of AdCC (eg, hyperchromatic, angulated nuclei) was not regarded as an AdCC component.
Fluorescence In Situ Hybridization
Fluorescence in situ hybridization (FISH) was performed on formalin-fixed paraffin-embedded sections using a commercially available MYB dual color break apart probe (ZTV-Z-2143-200; ZytoVision, Germany). This probe was designed to detect translocations involving the chromosomal region 6q23.3 harboring the MYB gene. Before hybridization the slides were deparaffinized using a VP 2000 processor (Abbott Molecular, Des Plains, IL). The slides and the MYB probe were codenatured at 80°C for 7 minutes and allowed to anneal over night at 37°C in humidified atmosphere. Following incubation the slides were washed in 2× saline sodium citrate/0.3% NP-40 for 2 minutes at 72°C and for 2 minutes at room temperature in 2× saline sodium citrate. Slides were counterstained with 4 0 ,6-diamidino-2-phenylindole and a cover slip was applied using Vectashield mounting medium (H-1000; Vector Laboratories Inc.). Fluorescence microscopy was used to evaluate the probe pattern: cells with 2 fusion signals of 1 orange and 1 green fluorochrome were scored as normal, and considered negative for MYB breakapart (MYB-negative). A signal pattern consisting of 1 fusion signal and 1 orange and 1 green signal at distance from each other indicated 1 normal 6q23.3 locus and 1 locus affected by a translocation. Tumors with ≥ 12% cells with split signals were regarded as positive.
Immunohistochemistry
Immunohistochemistry for MYB protein was performed on all available cases using standard manual immunostaining techniques. Briefly, formalin-fixed, paraffin-embedded, 4-μm tissue sections were dried for 2 minutes in a 1200 W microwave oven, then dried in a rotating oven for 20 minutes. Next, the slides were deparaffinized through immersion in xylene and a series of alcohol solutions. Peroxidase activity was quenched by immersion for 10 minutes in a sodium azide/hydrogen peroxide solution. A trisbased buffer was used for the MYB (Clone 5E11, 1:10 dilution; Santa Cruz) immunostain with heat induced epitope retrieval using a pressure cooker. The primary antibody was then applied to sections at room temperature for 50 minutes on a rotator. Sections were then incubated with detection complex (Powervision poly HRP anti-mouse for 45 min). Finally, slides were counterstained with Surgipath hematoxylin. Slides were then dehydrated, cleared, and mounted with permanent mounting media. Nuclear staining in > 10% of tumor cells, was regarded as positive, whereas staining in > 1% but <10% was regarded as focally positive.
RESULTS
The clinical and pathologic findings of the cases are summarized in Table 1 . Twenty-nine EMCs were identified from 19 women and 10 men. Eighteen cases were external consultations, and 11 were internal cases. The tumors arose in the parotid gland (n = 8), oral cavity (n = 6), submandibular gland (n = 4), nasal cavity (n = 4), maxillary sinus (n = 2), oropharynx (n = 2), sublingual gland (n = 1), epiglottis (n = 1), and lung (n = 1). Fifteen (52%) were classic EMC (Fig. 1) , 7 (24%) had intermediate-grade features (Fig. 2) , 4 (14%) were hybrid carcinomas (with the AdCC component representing 20%, 20%, 40%, and 50% of the tumor volume) (Fig. 3) , 1 (3%) was an EMC with high-grade transformation, with the high-grade carcinoma representing 10% of the tumor volume (Fig. 4A) , and 2 (7%) exhibited myoepithelial cell anaplasia (Fig. 4B) . To cross-validate the MYB FISH results, MYB immunohistochemistry was also performed. MYB immunostaining was seen in 15 (6 focal, 9 diffuse) of 28 cases including 5 of 5 fusion-positive cases (100% sensitivity), and also 10 of 22 fusion-negative tumors (45% specificity). Although MYB immunoreactivity was not very specific for the presence of MYB fusions (45% specificity), tumors with MYB immunolabeling were more likely to harbor MYB fusions (5/15 [33%] vs. 0/12 [0%]; P = 0.047; Fischer exact 2-tailed test).
DISCUSSION
Over the past decade, a growing number of salivary gland tumors have been found to harbor characteristic translocations, including mucoepidermoid carcinoma (CRTC1-MAML2 or CRTC3-MAML2), 26, 27 secretory carcinoma (ETV6-NTRK3), 28 clear cell carcinoma (EWSR1-ATF1), 29 and polymorphous adenocarcinoma (PRKD1-3 partnered with various genes). 30 In addition, up to 40% to 65% of AdCCs of salivary gland and nonsalivary sites harbor the MYB-NFIB fusion, an alteration that so far appears to be specific for AdCC. [14] [15] [16] [17] [18] [19] [20] [21] In our institutional experience using break apart MYB FISH, 65% of AdCCs harbored MYB fusions. 21 EMC is an uncommon salivary gland malignancy that shares morphologic features with AdCC. Both tumors are comprised of a biphasic population of ductal cells surrounded by a rim of myoepithelial cells. There is little data regarding the molecular profile of EMC, 31 and only a handful have been tested for the AdCC-defining MYB fusion. Like our own findings, these previous studies have shown that classic EMCs do not harbor the MYB fusion. 14, 18, 20 The consistent absence of MYB fusions in classic EMC supports the current concept that EMC is genetically distinct from AdCC.
A more problematic and unsettled issue has to do with the true nature of those alleged EMCs that deviate from the low-grade appearance of classic EMC. Some of these tumors show areas that resemble AdCC, even to the point of being regarded as true hybrid carcinomas with mixed EMC and AdCC components. Genetic profiling has been shown to be a valid strategy for discerning the true nature of salivary gland tumors with divergent "hybrid" phenotypes. As 1 example, Jin et al used the presence of the EWR1-ATF1 fusion to support the diagnosis of hyalinzing clear cell carcinoma with high-grade transformation in a case that otherwise would have been regarded as a "hybrid clear cell-salivary duct carcinoma." 32 Similarly, Bundele et al 33 recently used the presence of MAML2 fusions to highlight mucoepidermoid carcinomas with acinar differentiation that would have otherwise been misclassified as "hybrid acinic cell-mucoepidermoid carcinoma." Using this same approach, we found that many of those EMCs that demonstrated AdCC-like areas including cribriform architecture and highly infiltrative growth harbored the AdCC-specific MYB fusion. Moreover, the fusion was distributed across all tumor components including the tightly biphasic areas. On the basis of this finding, hybrid carcinomas and even some EMCs with focal cribriforming and/or highly infiltrative growth may actually represent true AdCCs.
Although the finding of MYB-rearrangement in a hybrid EMC-AdCC may not be entirely unexpected, its presence in nonhybrid EMCs is diagnostically problematic and highlights the tenuous line that separates some EMCs from AdCCs. Although these 2 cases did not demonstrate classic features of AdCC, they did demonstrate more infiltrative growth than typical for AdCC as well as focal cribriform "AdCC-like" areas. Although the sample size is small, these cases suggest that distinguishing intermediategrade EMC and AdCC is not straightforward and that the features used to make the distinction may need to be reassessed. Focal cribriform architecture may not by itself exclude the diagnosis of EMC, but its presence in an intermediate-grade, highly infiltrative salivary carcinoma should raise suspicion for AdCC no matter how "EMClike" the tumor may appear. In this scenario, the demonstration of MYB fusion could be essential in confirming a definite diagnosis of AdCC. Reliance on MYB immunostaining alone is not advised, as it suffers from suboptimal specificity (45% in this study, similar to other published reports). 18, 34 In conclusion, classic, low-grade EMC do not harbor the same MYB fusion that characterizes many AdCCs. At the same time, the presence of the MYB fusion in intermediate-grade and hybrid carcinomas that at least partially exhibit an EMC phenotype may in fact point to an AdCC. The traditional histologic approach to separating EMC and AdCC may be unreliable when dealing with these intermediate-grade salivary carcinomas, and MYB FISH may be useful for facilitating the distinction.
